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Abstract: The truffle genus Tuber ( Ascomycota, Pezizales, Tuberaceae) produces underground mushrooms widely sought 


as edible fungi . Tuber species are distributed throughout Northem hemisphere forests and form obligate ectomycorrhizal 


symbiosis with trees within the Pinaceae, Fagaceae, Betulaceae, and Juglandaceae . Of the approximately 100 species of 


Tuber worldwide, half are suspected to be endemic to North America . In this study we use multiple genetic loci to assess 


pattems of phylogenetic diversity within Tuber in order to infer species boundaries and to define morphological and phylo- 


geographic species groupings . Seven major clades were resolved ( Aestivum, Melanosporum, Rufum, Canaliculatum , Gib- 


bosum, Puberulum, and Maculatum) . Two morphologically distinctive species T. asa & T. excavatum were unresolved . 


The three most specious clades of Tuber ( Rufum, Puberulum, Maculatum) are distributed across Europe, Asia, and 


North America and are comprised mainly of non-commercial species . 
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Introduction 

The true truffles’ are Ascomycete fungi belong- 
ing to the genus Tuber and are distributed throughout 
the northern hemisphere . There are estimated to be 
around 100 species of Tuber worldwide, half of which 
appear to be endemic to North America . Tuber, be- 
longs within. the Tuberaceae, a family that includes 
northern hermisphere genera ( Tuber, Choiromyces) and 
southern hemisphere genera ( Reddellomyces, Dinglyea, 
Labyrinthomyces) (O Donnell et al., 1997) . 

Tuber species form ectomycorrhizal (EM) symbio- 
sis with many important timber and nut tree species, 
including those belonging to the Pinaceae, Fagaceae, 
Salicaceae, Betulaceae, and Juglandaceae . These hy- 
pogeous fungi have coevolved with mammals, which are 
known to be important agents in the dispersal of truffle 
spores . Additionally, many European and a few North 
American Tuber species are prized edibles and have the 
potential to be lucrative agricultural crops . 

The first valid description of the genus Tuber was 
by F . H . Wiggers (1780), according to the current 


International Code of Botanical Nomenclature (Greuter, 


Artide ID: 0253 - 2700 (2009) Suppl. XVI - 039 - 13 


1999) . Wiggers recorded a single species from north 
Germany, named it T. gulosorum and described it as 
(translated from Latin) :" a subglobose fungus filled 
with tasty flesh " While this description is of little tax- 
onomic value, it meets the requirements of the Code 
(Trappe, 2001) . The first useable descriptions of spe- 
cies of Tuber were by Vittadini (1831), whose collec- 
tions representing most of his species are preserved in 
good condition at the University of Turin herbarium in 
Italy . 

The taxonomic literature on North American Tuber 
spp . began with H.W . Harkness (1899) (Fig.1) and 
was expanded by Helen Gilkey (1916, 1939, 1947, 
1954) .Other useful contributions include those of But- 
ters (1903), Trappe and Guznán (1971), Trappe 
(1975, 1979), Uecker and Burdsall (1977), Œ zares 
et al. (1992), Trappe et al. (1996), Colgan and 
Trappe (1997), Trappe and Castellano (2000), 
Trappe and Gzares (2000, 2006) and Frank ef al. 
(2006) . Fortunately, unlike many European species, 
all described North American species are represented by 
type collections . Currently, are recognized (Table 2) . 
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Fig .1 Pioneers of North America Truffle Taxonomy 
A . Taxonomy of North American truffles began with Dr . Harvey Harkness (1821-1901) . B . Dr . Helen Gilkey (1886 - 1972) de- 


scribed and illustrated many new species of North American truffles . C . Dr . Jim Trappe (1933-present) has described and revised 


truffle taxonomy and systematics throughout his career 


At present, about 250 names have been applied to 


species and varieties in the genus Tuber . Many species 


have been named more than once by different authors . 


By eliminating probable synonyms, we estimate for Eu- 
rope about 33 of species of Tuber are recognized ( Table 
1) (Berkeley and Broome, 1846; Ceruti et al., 2003; 
Montecchi and Sarasini, 2000; Paolocci et al., 2004) 
and 35 species of Tuber in North America . For Asia at 
least 11 species of Tuber have been validly described 
(Table 3), and an unknown and likely large number 
are still undescribed (Cooke and Massee, 1892; Wang 
et al., 1998; Wang and He, 2002; He et al., 2004, 
Zhang et al., 2005; Hu and Wang, 2005; Chen et al., 
2005; Chen and Liu, 2007; Jeandroz et al., 2008) .No 
endemic Tuber species are known from the southern 
hemisphere . Species of Tuber described from Australa- 
sia and South America have in all cases been associated 
with trees introduced from the northern hemisphere and 
probably came as hitchhikers on roots of imported seed- 
lings (Trappe and Gzares, 2000) . 

The main goal of this research is to define mor- 
phological and phylogeographic groupings within the 
Tuberaceae, particularly within species complexes and 
widely distributed taxa (e.g . T. rufum complex, T. m- 
aculatum complex) . In addition, using the resulting 


phylogenetic framework, we aim to place sequences of 


Table 1 Tuber species described from Europe Species with 


commercial interest are labeled with an asterix ( * ) 


Tuber spedes in Europe 
* T. aestivum ( = T. uncinatum) Vittadini 
T.asa Tulasne & Tulasne 
T . belionae Quelet 
* T. borchii Vittadini 
* T. brumale Vittadini 
T . dryophilum Tulasne & Tulasne 
T . excavatum Vittadini 
T . ferrugineum Vittadini 
T . foetidum Vittadini 
T . fulgens Quelet 
T . lutescens Lazaro & Ibiza 
* T. macrosporum Vittadini 
T. maculatum Vittadini 
* T. magnatum Pico 
T. malenconi Donadini, Riousset, Tiousset & Chevalier 
* T. melanosporum Vittadini 
. mesentericum Vittadini 
. Microsporum Vittadini 
. michailowskoanum Bucholtz 
.murinum Hesse 
. multimaculatum Parlade, Trappe & Alvarez 
. nitidum Vittadini 
. oligospermum (Tulasne & Tulasne) Trappe 
. pallidum Lazaro & Ibiza 


T 

T 

T 

T 

T 

T 

T 

T 

T . panniferum Tulasne & Tulasne 
T . puberulum Berkeley & Broome 
T . queietianum Ferry de la Bellone 
T . rapoeodorum Tulasne & Tulasne 
T . regianum Montecchi & Lazzair 
T . rufum Pico 

T . scruposum Hesse 

T. sinuosum Lazaro & Ibiza 

T 


. verii Pacioni & Lalli 
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Tuber from ectomycorrhizal root tips and unidentified 


fruitbodies into this phylogenetic framework . 





Fig.2 Morphological Variation of Tuber 


Truffles vary in size along a continuum from very small to very large, as 
exemplified by a collection of and unidentified Tuber (A) and T. gib- 
bosum, respectivly (B) . Tuber species are characterized by a pattern of 
sterile and fertile veins filling the gleba, which darken as the fertile tissue 
matures and vary in color by species as shown with T. canaliculatum (C) 
and T. lyonii (D) . Other gross morphological features help to distinguish 
Tuber species, such as the texture of the peridium . The peridium may 
bear large warts as in T. aestivum (E) , or it could be rough, scaley, pu- 
bescent, or glabrous as in T. oregonense . nom . prov . (F) . Microscopic 
characters of the asci and spores are necessary for distinguishing species of 
Tuber . Asci may be globose or sub-globose as shown for unidentified Tu- 
ber (G) or more flask-shaped and bearing a stem as in T. lyonii (H) .Fi- 
nally, spores may be alveolate- reticulate or spiny, illustrated by T. macu- 


latum (I) and T. melanosporum (J), respectively 
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Table 2 Tuber species described from North America Species 


with commercial interest are labeled with an asterix ( * ) 


Tuber spedes in North America 


N 


. anniae Colgan & Trappe 

. argenteum Gilkey 

. besseyi Gilkey 

. bellisporum Bonito & Trappe nom . prov . 


TAA 


. californicum Harkness 

* T. canaliculatum Gilkey 

. candidum Harkness 

. castellanoi Bonito & Trappe nom . prov . 
. citrinum Harkness 

. clarei Gilkey 

. gardneri Gilkey 


55: Aera r e esp rg 


T. gibbosum = T . giganteum Gilkey 
. gugnanii Cazarez & Trappe 

. harknessii Gilkey 

. irradians Gilkey 

. levissimum Gilkey 

. linsdalei Gilkey 

. longisporum Gilkey 

. luomai Trappe nom . prov . 


SRS SS as 


T. lyonii Butters 
T . monticola Harkness 
T.murinum Hesse 
* T. oregonense Trappe & Bonito nom . prov . 
. pacificum Trappe & Castellano 
. phleboderma (Gilkey) Trappe comb .nov . 
. quercicola Frank, Southworth, & Trappe 
. rapaeodorum Tulasne & Tulasne 
regimontanum Guevara, Bonito & Rodf guez 
. separans Gilkey 
. shearii Harkness 
. sphaerosporum Gilkey 


EE M Er a 


. spinoreticulatum Uecker et Burdsall 


* T. texense Heimsch 
T . unicolor Gilkey 
T. whetstonensis Frank, Southworth , & Trappe 


Table 3 Tuber species described from Asia Species with 


commercial interest are labeled with an asterix ( * ) 


Tuber species in Asia 


T. formosanum Hu 

T. furfuraceum Hu & Wang 

T. huidongense Wang & He 

* T. indicum Cooke & Massee 

T. latisporum Chen & Liu 

T. liatongense Liu 

T. liui Xu 

T. pseudoexcavatum Wang, Moreno, Riousset, Mann & Riousset 
T. taiyunense Wang 

T. umbilicatum Chen & Liu 


T. zhongdianense Wang 


Methods 

Morphological: Tuber spp . form stereothecia with 
a distinct, simple to layered peridium enclosing a gleba 
of fertile tissue marbled with sterile, hypha-stuffed 
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veins that tend to open through the peridium . The asci 
are randomly embedded in the fertile tissue and within 
a specimen may contain from one to 4 ( -6) spores . 
The following character states have proven useful in dif- 
ferentiating species, in general order of importance . 
Spores spiny, spiny with a reticulum of low lines, or 
reticulate with tall reticular walls; ellipsoid to subglo- 
bose or globose; spores in 1- or 2-spored asci up to 45, 
55, 65 or 75 um long . Asci astipitate, with a short 
stipe, or a long stipe with a forked base; thin-walled or 
with walls up to 1, 2 or 4um thick . Ascomatal surface 
smooth, pubescent with outgrowing hyphae, pubescent 
with tapered cystidia, scabrous, verrucose with round- 
ed warts, verrucose with angular warts, white, gray, 
yellow, olive, brown, reddish brown, dark brown or 
black . Peridium a single, undifferentiated layer or with 
two or more layers differentiated by size, shape, wall 
thickness, or pigmentation of the cells; greatly inflated 
Glebal 


cells similar to those of inner peridium or differentiated 


cells absent or present in one or more layers . 


by cell diameter or presence of inflated cells . Species 
can usually be differentiated by the large number of 
combinations of these various characters, but complexes 
of closely related species can be difficult to separate 
without supporting molecular data (Mello et al., 2000; 
Hak sz et al., 2005; Frank et al., 2006) . 

Molecular: DNA was extracted with 24 1 chloro- 
form: isoamyl alcohol and precipitated in isopropanol . 
Both the internal transcribed spacer region ( ITS1, 
5.8S, and ITS2) and three divergent domains (DI, 
D2, D3) of the ribosomal large subunit (LSU) locus 
were amplified using the universal fungal primer set 
ITS5-LR5 (Bertini et al., 1999; Vilgalys and Hester, 
1990) . Other loci from these extractions were PCR am- 
plified, including the ribosomal small subunit (SSU), 
elongation factor 1 alpha (EFI), the second subunit 
of RNA polymerase ( RPB2) . PCR conditions and the 
handling of PCR products were as described in Healy 
et al. (2009) . Sanger sequencing was performed on 
an ABI3700 (Applied Biosystems, Foster City, CA) 
using Big Dye chemistry version 3.1 (Applied Biosys- 
tems, Foster City, CA) in both directions . DNA se- 


quences were assembled and manually edited using Se- 


og xvi 


quencher 4.0 (Gene Codes, Ann Arbor, MI) and 
queried against the NCBI public database GenBank 
( http : blast. ncbi.nlm. nih. go¥@Blast.cgi) with the 
BLASIN algorithm to compare with other sequences 
and to verify that sequences were of the target group . 
Sequences were aligned manually using MacClade 
(Maddison and Maddison, 2002 ) . Ambiguously 
aligned regions were excluded from the analyses . Phy- 
logenetic analyses were conducted using maximum par- 
simony and maximum liklihood methods . Parsimony 
analyses were carried out using a heuristic search in 
PAUP 4.0b10 with 1000 random addition sequences 
and 5000 bootstrap replicates (Swofford, 2001) . Two 
independent maximum likelihood analyses based on a 
general-time-reversible 6-parameter model of evolution 
were run using the software program GARLI and in- 
cluded 100 bootstrap replications (Zwickl, 2006) . 


Results 

Molecular analyses of LSU and SSU data support 
the conclusions of O Donnell et al. (1997) that there 
are distinct northern hemisphere lineages in the Tuber- 
aceae, and distinct southern hemisphere lineages 
(Fig.3) . Four sourthern hemisphere clades were re- 
Labyrinthomyces, Red- 
dellomyces, and Leppia nom. prov.) (Trappe and 


Claridge, 2005) . Resolved and supported Northern 


solved including ( Dingleya, 


hemisphere clades include Choiromyces and Tuber, 
Choiromyces is represented by C. aveolatus and C. ve- 
nosus, While Tuber is much more speciose . 

Multigene analyses of LSU, EFla, 5.8S, and 
RPB2 loci support 7 clades ( Aestivum, Melanospo- 
rum, Rufum, Canaliculatum, Gibossum, Puberulum, 
Maculatum) within Tuber (Fig.4) . Tuber asa and 
Tuber excavatum were not well resolved in these analy- 
ses . The most basal clade ( Aestivum) was composed of 
strictly European taxa ( T. mesentericum, T. aestivum, 
T. magnatum) .The Melanosporum (Fig.5) and Ru- 
fum (Fig.6) clades were reprentated by European, 
Asian, and North American taxa, and (aside from 
T. pseudoexcavatum) are composed of spiney and spin- 
ey-reticulated spored species . In addition, we found 


evidence from sequences derived from fruitbody and 
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Dinghves sp. ATR} 
Hecdellomyees sp. 27724 
Reddellomyces sp. 3311 
Reddeflomyces sp. 18140 
Reddellomyees sp. 3436 
Fieddellamveess donkii 6873 
Reddeflomyces sp. 16897 
Now sp. 27799 
Leppia monaspora nom. prov. Type 
Labyrinthomvees varius 27827 
Labwrinthomvees varius 18274 
Labwrinthomyces sp. 27868 
Tuber hroma: 17457 
T. Iexense 4926] 
T. ferrugineum MA2721 
T. rufum 19459 
T. ruum 13224 
- T. rufum 22599 
T. nitidum BM US 
T. pseudoexcavatum C]408 
T. melalannsponim 23203 
T. aylvae 29410 
T. asa BM667 
T. excavation BM 100 
T. anne 23783 
T. irradians 76596 
T. ealifornieum 28058 
T- pubescens 
T. maculatum 8755 
T. shearii 226095 
T. oregonense nom. prov. 7164 
T. oregonense nom. prov. Typel 
T. macrosporum 13362 
T. canaliculatum | 1264 
T. canaliculatum 28215 
T. aestivum 30560 
Choirmvees venosus DL 
Choirmyces venasus HAARAA 
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Fig.3  Phylogeny of Tuberaceae 
The Tuberaceae is represented by four Southern Hemisphere genera ( Dinglyea, Reddelomyces, Labyrinthomyces, and Leppia 
nom .prov .) and two Northern Hemisphere genera ( Tuber, Choiromyces) . This phylogenetic analysis is based on the small sub- 


unit (SSU) and large subunit (LSU) rDNA sequence data, and was analyzed using unweighted maximum parsimony 


43 


44 Ooo og oO oad gx 


Tuber asa BMG 7 Spam 
T. erhbosuum JT30580 OH 
T. gibbosum IT6535 CA 
T. gibbosum JT) 1679 OR 
T. gibbosum Lefevrel OR 
T. eibtesunr Jame) WA 
T. gibbasum JT27987 OR 
T. gibbosum JT12477 OR 
T. gibbosum JT26032 WA 
T. oregonense J127985 OR " f 
IT. regens IT12327 OR Gibbosum Clade 
| T. onegonense JT7 164 OR 
T. nresmense [T2808 IH 
T. oregonense JR 28998 OF 
T. oregonense JT28260 OR 
T. nregonemse JT28263 On 
T. eregonense 119957 OR 
T. oregonense JT199537 OR 
og T. eregonense [T30493 OR 
T. oregenense JTVS112 OR 
T. shearii JT12498 NC 
T. maculatum JT3755 FT. 
T. annie JT28005 OF 
T. californicum JT38058 CA 
T. arvopliifum JT13999 Nova Sootia 
T. beverlei 0732597 OR 
T, rrroclianes JE 76960 OR amilie Ja 
T besseyi 132597 OR Maculatum Clade 
T, anme 1125783 OR 
T. gardneri JT19434 OR 
T. poniewa J| 155 Po MH 
T. riwlingsonii 117919 COH 


T. animae JT22886 WA 
T. shearii JT22695 CR 
T. shear J| [9933 MI 
51/05 T. splureresporum JT12487 OR 
54 T. 5l ihaerosporum JTI9772 OR 
UT T, ealifermieuam [122665 0H ahaa fe " 
T. ealilamicum AF127120 CA Borchii Clade 
T, calilarmreum AF156927 CA 
T, horeha CHS Italy 
T. boschi Italy i 
T. oligospermum AY315306 
T. canuliweulaium JT28215 NJ 
T. camtliculnum JT23042 NE 
T, canaliculatum IT11264 ME 
T, macrosporum JT13362 haly ? aeri sa p pE “J: 
"—— T eain IEND CH Canaliculatum Clade 
| T, camalicedetorn JT TSR INN 
T. eanalicnfatam J 11724560 Wy 
T. exeavatum JT8639 laly 
T. excavation RM ITE Spain 
32/55 T. texense JT11170 LA 
T. iexense JTISI62 TX 
T. luana: JT17457 OR 
T. Iyonri IT 17689 WI s i 
T. nitidum BM TOS pain Rufum Clade 
T. rufis JT 19459 Ils 
T. pln JT13224 Wy 
T. herdongense PZHOS China 
T. syliiae JT29410 OR 
T. indicum China 
T. melanosporum Italy Melanosporum Clade 
T. himalayense China 
T, indicum China 
T. mesemiereum ABS DO TT lialy 
T, mesentencum AFS16778 laly 
T. aesirvam AYZZ6028 "M "3.1. 
T. aesivam 1123263 Serbia Aestis ur C la de 
T. magnatum AFAT6774 laly 
T. aes run Ja He Sweden 
Choiromyces slveolatus AF435826 OR 
ui Leppja monaspori JT iype Australia 
7 Lals rinihaomwyces varius [42689 Australia 


* Dinglvea verricosa U42686 Australia 


Narth American 


Europen 


Asian 


* Australian 





— ju changes 


Fig.4  Phylogeny of Tuber 
Seven clades of Tuber were resolved with unweighted parsimony analyze based on multiple loci (rDNA LSU, 5.88 rD- 
NA, RNA polymerase II, and elongation factor alpha 1) . These clades are the Aestivum, Melanosporum, Rufum, 
Canaliculatum, Gibbosum, Maculatum, Puberulum ( Borchii) groups . The European species Tuber excavatum and 


T. asa were not resolved into any of these clades in this analysis . Nodes with significant support ( > 70% parsimony 


bootstrap) are signified by thickened branches 
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O. fruitbody VÀ 


Oo mycorrhiza ATIIS32205 Italy 

Ü. mycorrhiza CA 

Forest fruitbody JT29410 OR 
T. indicum DX)37550| China 

T. indicum Y0979] China 


T. indicum U89361 China 


T. brumale GB6 Italy 
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Orchard mycorrhiza NC 


T. relamosporum AJ583657 Spain 


T. melanosporum 


DO. mycorrhiza CA 


T. melanosporum AI583631 France 


T. indicum Clade II 


Ip Winsodsourjapy 


T. indicum Clade I 


T. indicum DC375524 China 


T. resirmondanam ITVCOUS Mexico 


T. brumale 


T. brumale AF 106880 Italy 


T. pseudoexcavatum AX 314310 China 


Fig.5 The Melanosporum Clade 


Representatives of the Melanosporum clade in North America include Tuber reg imontanum, T. melanosporum, and T. indicum . Tuber mela- 


nosporum has been introduced in efforts to cultivate this species as a cash crop . It is most likely that T. indicum (clade IL) was introduced into 


North America through forestry projects early in the century (e.g. fruitbody collection) and more recently (accidentally) through T. mela- 


nosporum cultivation efforts . These three species are similar in morphology, though T. regimontanum has larger spores than T. melanosporum 


and T. indicum and short reticulations connecting the spines of its spores . Results are based on parsimony analysis of the ITS rDNA region . 


Taxa names are followed by collection (or Genbank accession) numbers, followed by point of origin ( when known) 


mycorrhizas suggesting that the Asian species T. in- 
dicum has been introduced into the United States . Two 
species were resoloved in the Canaliculatum clade; 
T. macrosporum ( Europe) and T. canaliculatum 
(North America), while the Gibbosum clade was com- 
posed of soley of species restricted to the Pacific North- 
west region of North America ( Fig.7) . The Puberulum 
(Fig.8) and Maculatum (Fig.9) clades were repre- 
sented by taxa from Asia, Europe, and North America, 
and together with the Rufum clade includes the majori- 
ty of Tuber species . They present a taxonomic chal- 
lenge to mycologists, owing to a lack of apparent mor- 
phological characters for distinguishing species from one 


another . 


Conclusions 

Europe appears to have the most phylogenetic di- 
versity of Tuber, particularly represented by basal lin- 
eages, suggesting that this continent may be the point 
of origin for the genus . However Tuber diversity in 
Asia is still not well known and the discovery and in- 
clusion of new taxa in future analyses could change in- 
ferences about the origin and diversification of Tuber . 

Further work should focus on molecular analysis of 
type specimen (when possible) and attempt a more 
comprehensive coverage of the species diversity within 
the family Tuberaceae . In addition, it is still undeter- 
mined whether the genus Paradoxa and Loculotuber 
fall within the Tuberaceae, and if so, whether these 


genera are mono-, para-, or polyphyletic . 
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T. sylviae JT29410 OR 
T. texense JIT15162 TX 


T. texenae TX 
Pecan orchard MI = 2 
T. lyonii 
T. texensez 
; complex 
T. iyanii JT3665 TX ( North America } 


T. lyonii JT5975 TX 
T. lyonii [T4070 NM 
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T. candidum LO2C CA T. candidum 
T. candidum OH complex 
T. candidum sre625 CA ( North 
* T. lyonii" JT17689 WI | America) 
T. rufumZ Italy T. rufum 
T. rufum AY 9400646 Italy ( Europe ) 
" T. rufum” JT9559 OR 
T. huidongense [448603 1 China l T. huidongense 
T. huidongense DOASGUA2 China complex ( Asia) 
T. nudum AF T06892 Italy 
T. fection AF 132506 France T. ferrugium 
T. ferrugium France ( Europe) 
T. rufum 
T. tarvasnense DUOT78648 China 
T. liactongense DQA78635 China 
T. diantongense DQA78634 China 
* T. texense^ DQAT8649 China | Tuber 
"T. fexense’ DQA78637 China complex ( Asia) 
T. nitidumm BM 105 Spain 
T. Iuamai JT17457 OR 
- T. apinoreticulatum U188 MD 
"T. rufum * JT5831 OR “T. rufum " 
“T. rufum" JT22599 CA (North America) 


T. liaotongense 
complex ( Asia) 


T. melanosporum France 
T. inelieum2 China 


—— 5 changes 


Fig .6 The Rufum Clade 


North America is well represented by spiney-spored members of the Rufum clade . As far as we are aware, 7. rufum Vittadini 
senso stricto does not exist in Asia or North America . Results are based on parsimony analysis of the ITS rDNA region . Nodes 
with significant support (> 70% parsimony bootstrap) are signified by thickened branches . Taxa names are followed by collec- 


tion (or Genbank accession) numbers, followed by point of origin (when known) . Names in quotations are from collection labels 


and are most likely incorrect 
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T. anniae J 122986 
T. horchii GB32 
T. sphaeresporum JTIVZAR7 
T. sphaerasporum JT19772 
T. irradians T7696 


—— 0.005 substitutions site 


| T. sp novi JT6060 


T. gibbersum JT26632 
T. gibbosum JT11493 
T. gibbosum IT12477 
T. gihbosum JT27987 
T. gibhiosum JT6555 
T. gibbosum JT22789 
T. gibbosum JT29402 
T. mbbosum TT30681 


Tuber gibbosum 


T. gibbosmn Lefevre 
T. gibiwssum JTIOSRO 


T. ap nas | IT7270 
Tuber bellisporum 


prov. nom. 
T. sp novI JTI L679 


; T. castellano: JT 195924 
L T. castelfaned JT280659 
T. castellano J T4568 


Tuber castellanoi 
prov- pom. 


T. oregonense Type? 
T. oregonense JT28263 
T. oregonense. JT8767 

T. oregonense. JT12387 
T. oregonense: 1127935 

T. aremonense 12269] 


T. nr "ranis nes JT287266 


Tuber oregonense 


prov. nom. 
T. oregonense Pale 

T. oregonense JT27985 

T. onegonense JTISI12 
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Fig .7 The Gibbosum Clade 


To the best of our knowledge members of the Gibbosum clade are only represented in the Pacific Northwest region of North Ameri- 


ca. The four species include T. gibbosum, T. bellisporum prov . nom ., 


T. castellanoi prov . nom ., and T. oregonense prov . 


nom .. Results are based on maximum liklihood analysis of the ITS and LSU rDNA regions . Nodes with significant support ( » 


70 % maximum liklihood bootstrap) are signified by thickened branches . Taxa names are followed by collection numbers 
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Fig.8 The Puberulum Clade 
Many undescribed and unidentified species (resulting from mycorrhizal molecular studies) belong to the Puberulum 
clade . Morphologically, this group tends to have globose to sub-globose spores, and fruitbodies that are pale in color and 
small in size . Species in this group are found in Europe, North America, and Asia . Results are based on parsimony 
analysis of the ITS rDNA region . Nodes with significant support ( > 7096 parsimony bootstrap ) are signified by thickened 
branches . Taxa names are followed by collection (or Genbank accession) numbers, followed by point of origin ( when 


known) .Names in quotations are from collection labels and are most likely incorrect 
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Fig .9 The Maculatum Clade 
Many undescribed and unidentified species (resulting from mycorrhizal molecular studies) belong to the Maculatum 
clade . Morphologically, this group tends to have sub-globose to elliptical spores, and fruitbodies that are pale in color 
and small in size . Species in this group are found in Europe, North America, and Asia . Results are based on parsimony 
analysis of the ITS rDNA region . Nodes with significant support ( > 70% parsimony bootstrap) are signified by thickened 
branches . Taxa names are followed by collection (or Genbank accession) numbers, followed by point of origin ( when 


known) .Names in quotations are from collection labels and are most likely incorrect 
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